Abstract
Introduction
The prevalence of metabolic syndrome (MetS) has increased in recent decades, 1 and has been described as a cluster of multiple, partially or fully expressed, metabolic abnormalities within the single individual that increase the risk of developing cardiovascular disease and diabetes. 2, 3 In recent years, there has been much interest in the role of free radicals and oxidative stress in the pathogenesis of MetS. 4 It has been shown that obesity per se may induce systemic oxidative stress and that increased oxidative stress in accumulated fat is, at least in part, the underlying cause of the dysregulation of adipocytokines and the development of MetS. 5 Adipocytokines include adiponectin, leptin, resistin, and visfatin that are secreted from adipose tissue. 6 In human pulmonary vascular endothelial cells, visfatin was demonstrated to interact with several proteins mediating oxidative stress and inflammation leading to increased levels of reactive oxygen species. 7 Oxidative stress may be defined as
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an imbalance between the production and degradation of reactive oxygen species. Enzymatic inactivation of reactive oxygen species is achieved mainly by antioxidative enzymes. 8 The main antioxidant enzymes are glutathione peroxidase (GPx), superoxide dismutase, catalase, and myeloperoxidase. 9 Peroxidases are a family of widespread enzymes which perform distinct tasks. On one hand, they act as preventive antioxidants to detoxify damaging lipid peroxides or other peroxides from blood and organic substrates. On the other hand, these enzymes function as starters for oxidative reactions, thereby generating a source of reactive oxygen species such as hypochlorous acid (HOCl) or hypoiodous acids (HOI) . 10 Increasing the visfatin levels can be observed in atherosclerosis, 11 endothelial dysfunctions, 12, 13 and renal insufficiency. 14 Evidence on possible associations between serum visfatin and metabolic parameters in patients with obesity and diabetes are contradictory. [14] [15] [16] [17] [18] Takebayashi et al. 14 did not find any correlation between visfatin and diabetes, and other study proved that there is a positive correlation between the decrease of visfatin and type 1 diabetes and negative correlation between glycated hemoglobin and visfatin levels. 19 Berndt et al. 16 and Hammarstedt et al. 20 have reported that serum concentration of visfatin is increased in obesity. On the other hand, Pagano et al. 21 revealed that plasma visfatin was significantly lower in obese subjects.
The effect of hyperglycemia on levels of visfatin is discussed. Alexiadou et al. 22 finding was discordance with previous study 23 demonstrating that visfatin is enhanced by hyperglycemia.
The visfatin levels and peroxidases activity are important in MetS, whereas only very few studies have been conducted to clarify the relationships between visfatin and peroxidases, and these factors and MetS. Therefore, the present study was designed to understand these relationships.
Materials and Methods Participants
This cross-sectional study was conducted in 2012 as a part of the Isfahan Healthy Heart Program, Iran, (IHHP). IHHP began in 2000 to prevent and control cardiovascular disease risk factors in the Iranian population. This program was conducted in Central Iran. A stratified multi-stage probability sampling method was used in the baseline survey (2001) and the post-intervention in 2007. 24 Blood samples (from 90 subjects within the age range of 19-82 years) of IHHP third phase (2006) (2007) were used for this study. Samples of subjects with MetS (n = 45) and also without MetS (n = 45), were selected using simple random sampling. MetS defined by the National Cholesterol Education Program Adult Treatment Panel III as the presence of 3 or more of the following criteria: abdominal obesity: waist circumference (WC) ≥ 102 cm in men and ≥ 88 cm in women and 2 or more of the following: systolic blood pressure (SBP) ≥ 130 mmHg and/or diastolic blood pressure (DBP) ≥ 85 mmHg; triglyceride (TG) ≥ 150 mg/dl; high-density lipoprotein cholesterol (HDL-C) < 40 mg/dl in men and < 50 mg/dl in women; fasting blood glucose (FBG) ≥ 110 mg/dl. 10 The study protocol was approved by the Medical Ethics Committees of the Isfahan Cardiovascular Research Institute under the Approval No. 91115.
Biochemical and anthropometric measurement
All measurements were conducted using calibrated instruments and standard protocols by a trained team of general physicians and nurses. Blood samples were collected from both groups to measure the biochemical factors following a 12-h fasting. All the blood sampling procedures were performed in the central laboratory of the Isfahan Cardiovascular Research Institute. FBG and serum lipids, including serum total cholesterol (TC), TG and HDL-C levels were detected by an enzymatic method using an Elan 2000 auto analyzer (Ependorf, Hamburg, Germany). Low-density lipoprotein-cholesterol (LDL-C) was calculated (in serum samples with TG ≤ 400 mg/dl) according to the Friedewald formula. 25 The separated serum was stored at −70 °C until the measurement of visfatin levels. Visfatin levels were assayed by ELISA kit (BioVendor Laboratory Medicine Inc., Canada and Mexico, USA). Determination of peroxidases activity in the serum was done by the reaction of endogenous peroxidases with hydrogen peroxide, using 3,5,3',5'-tetramethylbenzidine as the chromogenic substrate. 26 A mercury sphygmomanometer with a cuff size suitable for each subject was used for measuring sitting blood pressure twice from the right arm according to World Health Organization criteria. The mean of two measurements of korotkoff phase I and phase IV was recorded for SBP and DBP, respectively. WC was determined from the point halfway between the lower border of ribs and the iliac crest in a horizontal plane. 27 
Statistical analysis
Statistical analyses were performed using SPSS for Windows (version 15; SPSS Inc., Chicago, IL, USA). Data were presented as means ± standard deviation. Data analysis for MetS group was carried out in two ways: (1) MetS with three components and with > 3 components. (2) MetS with hyperglycemia and without hyperglycemia. Analysis of covariance was used to compare factors between groups with adjusting age and sex. Also for significant differences, Bonferroni multiple comparison was applied. For comparing visfatin levels and peroxidases activity in groups based on age and sex (without adjustment) Kruskal-Wallis test was used. Mann-Whitney tests with Bonferroni adjustment used to multiple comparisons. Investigation of correlation between visfatin levels and peroxidases activity and also between these two factors with parameters of MetS was assessed using spearman and partial correlation. P-value of < 0.05 was considered to be statistically significant.
Results
Findings on the values of the biochemical factors are summarized in table 1. The MetS subjects had significantly higher values of SBP, DBP, WC, FBG, TC, TG, LDL-C, and lower levels of HDL-C than the non-MetS subjects. There was no significant difference in serum levels of visfatin and peroxidases activity between MetS and nonMetS groups. Table 2 shows the correlation between visfatin levels and peroxidases activity in the studied groups. There was a significant correlation between visfatin levels and peroxidases activity in MetS subjects with three components whilst nonsignificant correlation was observed between these factors in the other groups (non-MetS, MetS with > 3 components, and MetS with and without hyperglycemia).
Changes in visfatin levels and peroxidases activity based on sex and age were compared between non-MetS, MetS with three components, and MetS with > 3 components (Table 3) and between non-MetS, MetS with hyperglycemia and MetS without hyperglycemia (Table 4 ). There was no significant difference in serum visfatin levels between MetS and non-MetS groups in sex and age groups. For peroxidases activity, there was significant difference between non-MetS and MetS with three components groups in female subjects and also between MetS with three components and with > 3 components groups in 19-44 years old subjects. Peroxidases activity did not significantly changed between non-MetS, MetS with 
Discussion
The findings of the current study provide evidencebased information about the impacts of visfatin levels and peroxidases activity on parameters of MetS. There was positive correlation between visfatin levels and peroxidases activity in MetS subjects with three components. Peroxidases activity was higher in MetS with three components than the non-MetS in people female subjects. Peroxidases activity reduced with increasing age in the MetS with > 3 components group and visfatin levels enhanced in male subjects in the MetS with three components group.
Activities of antioxidant enzymes protect against oxidative stress in MetS. 28 Oxidative stress is associated with many of the components of the syndrome, leading to the concept that the amelioration of risk factors comprising MetS, including insulin resistance, elevated blood pressure, elevated lipid levels, inflammation and endothelial dysfunction may ameliorate oxidative stress and thus curtail the progression of metabolic disease complications. 29 The results by Vavrova et al. 28 implicated an increased oxidative stress in MetS and a decreased antioxidative defense that correlated with some laboratory (TG, HDL-C) and clinical (WC, BP) components of MetS.
Here, we showed a higher serum visfatin levels in patients with MetS however this elevation was no significant. Consistent with our findings, studies have shown elevated serum visfatin levels patients with MetS when compared to individuals without MetS. [30] [31] [32] Primary investigation on visfatin showed the insulin-mimicking effect of this hormone. 33 Hence, one would conclude that an elevated visfatin levels in patients with MetS is due to insulin resistance. Cekmez et al. 34 suggested visfatin as a marker of insulin resistance. Inconsistently, Esteghamati et al. 32 showed a higher visfatin concentration, independent of insulin resistance, in type 2 diabetes. Furthermore in two other separate studies, Berndt et al. 16 and Haider et al. 35 showed that visfatin levels were not correlated with insulin resistance and lipid parameters in patients with type 2 diabetes and obesity. A study by Kaminska et al. 36 revealed elevated levels of visfatin in obese subjects did not correlate with the majority of anthropometric parameters. They suggested that elevated visfatin levels are associated with the distribution of adipose tissue characteristic of gynoid rather than visceral obesity.
Yen et al. 37 reported, the subjects suffering from MetS might be under higher oxidative stress, resulting in low levels of antioxidant enzyme activities. MetS is a type of metabolic disorder rather than a disease. Subjects with MetS might be under higher oxidative stress; antioxidant enzymes are the first line of defense against reactive oxygen species and may decrease to adjust to higher levels of oxidative stress. 38 In addition, MetS subjects in general were typically abdominally obese. Obesity is also an oxidative burden that may lead to the reduction of antioxidant enzymes activities. 39 Oxidative stress associate with advancing age. 40 Therefore, the findings of our study confirm the previous study's results. Mecocci et al. 41 concluded that senescence seems be associated with a decline in nutritional antioxidants together with an increase in antioxidant enzyme activity; the latter understood as an adaptive response to an increased level of oxidation products.
In our study, peroxidase activity decreased with age increase in all of groups, especially MetS with > 3 components.
Because inhibition of cholesteryl ester transfer protein increases HDL-C level and decreases LDL levels, 42,43 one explanation of visfatin in cholesterol homeostasis may be via inhibition of cholesteryl ester transfer protein. The sex difference of correlation between visfatin and cholesterol levels may be due to estrogen effect. Estrogen may modulate visfatin to inhibit cholesteryl ester transfer protein in cholesterol homeostasis. 44 Some studies had examined the relationship between plasma visfatin concentration and age in different populations. However, the results were inconsistent. A negative correlation was found in women with gestational diabetes mellitus, 45 but a positive correlation in patients with MetS. 46 The obtained results by Dogru et al. 15 were consistent with this study.
Decrease of oxidative stress association with elevating the expression of antioxidant enzymes, superoxide dismutase, catalase, glutathione, and GPx in addition to lowering LDL-C, TG, and CRP and elevating HDL-C. 47 Chen et al. 48 reported the value of WC was significantly correlated with and GPx activities in MetS patients.
We did not find any correlations between visfatin and lipid profile, glucose, and other measured parameters. Our results are different from previous reports. Contrary to our results, in multiple step-wise regressions analysis by Zhong et al. 49 LDL-C was identified as the independent factor that influences serum visfatin. They concluded visfatin may correlate with the metabolism of cholesterol. Furthermore in the study by Chen et al., 45 serum visfatin correlated negatively with LDL-C in women with MetS. Fukuhara et al. 33 identified visfatin as an adipocytokine predominantly secreted from visceral adipocytes.
Computed tomographic scan demonstrated that plasma visfatin levels correlated strongly with the visceral fat area and weakly with the subcutaneous fat area in 101 male and female human subjects. 33 One of the study revealed visfatin levels correlate with WC and waist-hip ratio. 44 However, previous reports 16, 49, 50 and this study have not found this correlation. The discrepancy between the studies may be explained by differences in patient populations or different methods of sample collection 51 and detection. 52 
Conclusion
Peroxidases activities in MetS patients can be related to visfatin levels. Gender influences on GPx activity probably and was lower in female patients with MetS. Hyperglycemia does not influence peroxidases activities and visfatin levels.
Suggestions
Further study needs to be done to clarify the exact role of visfatin in MetS, especially homeostasis of lipid. According to the menstrual cycle influences on levels of visfatin and peroxidases activity and thus it should be considered. The correlation between other antioxidant enzymes such as superoxide dismutase, catalase, and glutathione with visfatin is investigated in the future.
Study limitations
Our study had some limitations. First, the number of participants of each both groups was small. Second, this study was a cross-sectional study, and therefore, no causal relationship could be defined. Third, age range of the participants was wide that may be influencing on peroxidases activity and plasma visfatin levels.
